Infectivity is now generally accepted as an intrinsic property of viral ribonucleic acid (RNA) although the detailed physical and chemical requirements for this biological activity are still largely unknown. Recent evidence favors the concept that the infective RNA from tobacco mosaic virus (TMV) represents a single strand' of approximately 2 million molecular weight.' The question of the natural physical state of such an enormous macromolecule is of considerable interest. X-ray scattering data3' 4 have adduced evidence that in TMV itself, the RNA is located at a radius of about 40 A' from the center of the cylindrical axis of the rodshaped virus and is embedded within a matrix of protein subunits which are stacked in a helical array. As suggested by Ginoza,5 it also seems likely that the RNA represents a helix of the same pitch within the virus. Since the polynucleotide retains biological activity even outside the protein, it is of considerable importance to ascertain if any specific molecular configuration must be retained for this activity. While none of the physical properties of infectious TMV-RNA in solution indicate that it possesses a characteristic secondary structure, evidence will be given suggesting that such a structure may be induced under the proper conditions. Preparation of RNA in Free and Metal-Complexed Form.-The isolation of RNA after detergent degradation of the virus followed by ammonium sulfate and alcohol precipitation has previously been described.6 This product (preparation I) shows an absorbance (maximum, at 259 m;u) of about 25 for a 0.1 per cent solution, which is decreased by 20 per cent upon addition of magnesium or calcium salts (about 10-4 M), and to a slightly lesser extent (16 per cent) by 10-1 M monovalent cations. Such RNA also is surprisingly resistant to sedimentation in either water, or very low salt concentrations (<10 -4 M), as indicated by earlier studies in the preparative centrifuge' 7 and by the low sedimentation coefficient in the analytical centrifuge (<5 S). RNA preparations with identical properties are also obtained by the phenol procedure by substituting versenate (10-3 M) (ethylenediamine tetraacetate) for the phosphate buffer and/or redistilled phenol for the commercial phenol. In contrast, the use of commercial phenol and phosphate buffer leads to an RNA preparation (RNA II) of about 20 per cent lower absorbance which is unaffected by the addition of mono or divalent cations.8 Such preparations also sediment normally at low ionic strength. Upon addition of urea, or alkali, the absorbance of RNA II rises immediately to the level of RNA I, which in contrast shows no effect upon such additions. Owing to hydrolysis, both preparations show a gradual 20 per cent increase in absorbance to a final Abs. (p) value of about 12,000, under the influence of alkali8 (see Fig. 1 ).
Spectrographic analyses of commercial and redistilled phenol (performed by American Spectrographic Laboratories, Inc., San Francisco) have provided an insight into the mechanism of formation of the two types of RNA by showing that the commercial phenol contained appreciable amounts of calcium and traces of other metals (Table 1 ). When redistilled phenol to which these metals had been added (as the chloride salts) was used in conjuncton with a phosphate buffer for the preparation of RNA, the resultant nucleic acid had properties identical with those of RNA II, as prepared with commercial phenol ( t These samples were analyzed for metal content (see Table 3 ). ion per 2 phosphorus atoms, in approximate agreement with the amount of metal required to cause maximal decrease in the absorbance of RNA I (Table 4) .8 A few tests concerning the stability of linkage of the metal and the concomitant depression of absorbance showed partial reversal to occur during prolonged dialysis, or upon repeated alcohol precipitations. When versenate was present (0.01 M), RNA II was completely transformed to RNA I.
Dry weight and phosphorus analyses showed that RNA II retained some inorganic phosphate (about 20 per cent of its weight) in bound form, which was released only concomitantly with the metal by treatment with versene, and from which it could then be separated by alcohol precipitation.
As Table 2 shows, there is no difference between the infectivity of RNA I and RNA II. If there seems little correlation between the two methods of determining the infectivity, this is partly due to the much greater variability of the results of the direct assay of RNA, as compared to those of virus or reconstituted virus, and the dependence of the RNA infectivity upon the physiological state of the host. Thus within a given test, the correlation between the infectivities of several RNA preparations and the reconstituted virus obtained from them is usually very much better than such a composite table of assays performed over several months would suggest. The rotatory dispersion of RNA II was also investigated as a function of temperature. A definite transition was found to occur at around 60'C as evidenced by a sharp drop in the optical rotation. Studies on model compounds9 indicate that no depolarization or refraction of the light beam occurs even up to temperatures of 90'C. Since the observed effect far exceeded that which could be explained on the basis of a change in the refractive index of the medium, it must be inferred that a change in molecular configuration had occurred. The complete reversibility of the effect eliminated heat degradation as a possible cause; therefore one might attribute it to a breakdown of some secondary structure.
These results are consistent with the hypothesis that RNA I exists in water as an extended random coil, RNA II as a helical structure, and that the two may be interconverted by appropriate choice of solvent. The greater efficiency of magnesium chloride as compared to sodium chloride in causing an increase in the rotation and a decrease in the absorption at 258 mgs suggests that divalent ions act as chelating agents, holding the nucleic acid molecule in a configuration which is favorable for intramolecular hydrogen bond formation; monovalent ions probably serve only to damp out charge repulsions, thereby allowing hydrogen bonds to form by virtue of the proximity of the hydrogen bonding bases. Ultracentrifugation Studies.-Sedimentation studies were performed in a Spinco Model E analytical ultracentrifuge at a speed of 59,780 rpm. A Spinco Model R Analytrol was used to translate ultraviolet absorption photographs to a tracing of concentration versus distances in the cell. A 0.01 M phosphate buffer at pH 7.0 was chosen as the solvent, this concentration being sufficient to damp out some of the intermolecular charge effects, without causing a substantial conversion of RNA I to RNA II.
Ultracentrifugal analysis of several samples of RNA II, the presumably structured configuration, indicated that from 40 to 60 per cent of the nucleic acid was present as an apparently homogeneous component with a sedimentation coefficient of 22 S, the amount depending on the homogeneity of the TMV used in the preparation; the remainder consisted of heterogeneous material with a sedimentation coefficient distribution between 15 S and 22 S. In contrast, RNA I, the random coil preparation, showed greatly varying amounts of this homogeneous component, the patterns frequently presenting only a continuous distribution of material sedimenting between 5 S and 20 S. In the light of results reported below, this variation may be accounted for by the presence of varying trace quantities of divalent ions in the solution.
Despite the great difference in sedimentation behavior, R{NA I samples containing no 22 S component exhibited, as stated, similar infectivities as RNA II preparations (Table 2 ). When two RNA I samples were reacted with TMV protein, reconstituted virus was obtained to the extent that about 30 and 50 per cent of the original nucleic acid had been incorporated into homogeneous TMV rods, as determined by ultracentrifugation of the reaction mixture. The high infectivity of such reconstituted virus (Table 2 ) also supported the belief that a high proportion of the free RNA I in solution, notwithstanding its sedimentation pattern, was homogeneous with respect to molecular weight.
The sedimentation behavior of random RNA was therefore studied in 0.01 M phosphate to which various concentrations of magnesium chloride had been added. In a typical sample having no 22 S component in 0.01 M phosphate alone, the presence of this component was first detectable in 10-5 M magnesium chloride (RNA concentration = 25 y/ml). In 5 X 10-5 A1 magnesium chloride about 15 per cent of the RNA appeared as a 22 S component. When the magnesium chloride concentration was increased to 10-4 M, the sedimentation pattern of the sample showed 50 per cent of the 22 S component and was similar to the pattern given by structured RNA, except for the presence of some aggregated material. Further increases in magnesium chloride concentration simply caused more aggregation of the nucleic acid. The addition of magnesium chloride to other RNA I preparations produced similar qualitative effects, although quantitative differentiation between heterogeneity of molecular weight and that of shape has not been possible.
These results complement the optical rotation and absorption studies and demonstrate the presence of a secondary structure for RNA in solution, the extent of which is dependent upon the environment. They unfortunately also suggest that the sedimentation behavior in 0.01 M buffers of an extremely long unpaired polynucleotide chain is difficult to predict and interpret.
Summary.-Under the influence of very low concentrations of divalent cations, or higher concentrations of monovalent ions, TMV-RNA was shown to undergo changes in optical density at 258 m,4, in optical rotation, and in sedimentation behavior. These changes suggested the transformation from a random coil to a more orderly configuration.
The use in the isolation of the RNA of phenol containing traces of metals, mainly calcium ions, led directly to the structured type of preparation, which was found to contain appreciably more metal than was found in the material isolated from pure phenol. Both types of preparations were similarly infectious, and each could be transformed into the other reversibly. * Aided by United States Public Health Service Training Grant CRTY-5028 and United States Public Health Service Grant E-1267.
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The acceptor RNA, which represents about 10 per cent of the cellular RNA of Escherichia coli, is of relatively low molecular weight.11 Each amino acid is linked to a specific site on the RNA and these acceptor sites function independently of one another.6-8
Recently, Hecht et al. 12 showed that the acceptor activity of liver RNA required a specific terminal sequence of nucleotides, i.e., adenylyl 5'-3'-cytidylyl-5'-3'-cytidylyl-5'-3'-RNA (RNApCpCpA13). It seemed likely that this grouping provides either the point of attachment of amino acids to the RNA or that this terminal sequence is required for the binding of the RNA to the activating enzyme. The experiments described in the present report were designed to distinguish between these two possibilities.
Our results show that the leucine-, valine-, and methionine-activating enzymes link the respective amino acids to the RNA through the 2'-or 3'-hydroxyl group of the ribose of the terminal nucleotide bearing the unesterified 3'-hydroxyl group. We have identified the terminal nucleotide of the chain which accepts leucine as adenylic acid by isolating leucyl-2'-or 3'-adenosine from RNase digests of leucyl-RNA. From the behavior of the bound amino acids to treatment with hydroxylamine,6. 7, 14 we have inferred that the linkage is an acyl ester. Based on the present
